FAGE: 1 FRINT DATE: 07110rg7

FAILUSE MODES EFFECTS ANALYSIS (FMEA) ~ CIL HARDWARE
NUMBER:MB-185-M015 -X

SUBSYSTEM RAME: MECHANICAL - SEALS

REVISION: 1 _ __04/08/97
PART DATA -
PART NAME PART NUMBER
YENDOR NAME YENDOR HUMBER
LRt ‘PLUG, LFAK TEST PORT ME276-0040-0001

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS;
EXTERNAL AIRLOGK FWD/AFT ADAPTER & FWD TUNNEL ASSY LEAK TEST PORT PLUG

QUANTITY OF LIKE [TEMS: 6
1{p4 ’

FUNCTION: '
THIS PLUG PROVIDES A TEST PORT FOR THE DuUAL [(RECUNDANT) STRUCTURAL

SEALS LOCATED ON THE FORWARD AND AFT PERIMETERS OF THE FOLLOWING
THREE HARDWARE: {1) EXTERMAL AIRLOCK FORWARD ADAPTER; {2) EXTERNAL
AIRLOCK AST ADAPTER,; AND {2} EXTERNAL AIRLOCK FORWARD TUNNEL ASSEMELY.
THIS POAT 15 USED WITH A PNEUMATIC PORTABLE TEST KIT {C70-0748) TO VERIFY

STRUCTURAL SEAL INTEGRITY PRIOR TQ LAUNCH.

NOTE: THE TEST POAT PLUG ON THE EXTERNAL AIRLOCK AFT ADAPTER ONLY
APPLIES WHEM THERE IS A PAESSURLZED PAYLOAD INSTALLED WITHIN THE QRBITER

FAYLDAD BAY. _ =z

REFEAENCE DOCUMENTS: VE2B-342054
VE2B-342154

Ve2e-342168 -

VEZB-342201 ~aTY

WH2E.242303

VBZB- 344101 .

MB-135 - 733
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FAILURE MODES EFFECTS ANALYSIS FMEA —CIL FAILURE MODE
NUMBER: M&-155-M015-01

REVISIONS: 1 0440857
SUBSYSTEM NAME: MECHANICAL - SEALS
LRU: PLUG, LEAK TEST FORT CRMICALITY OF THIS
MEM NAME: D-RING SEAL " FAILURE MCDE: 1R3

EALURE MODE:
EXTERNAL LEAKAGE

MISSION PHASE: Q0  ON-ORBIT

VEHICLEPAYLOADKIT EFFECTIVITY: 103 DISCOVERY
104  ATLANTIS

105  ENDOEAVOUR

CAUSE:
AGING/OXIDATION/SUBLIMATION, CONTAMINATIONFOREIGN OBJECT/OEBRIS,

DEEECTIVE PART MATERIAL DR MANUFACTURING DEFECT, INADEQUATE/EXCESSIVES
UNEVEN SEAL COMPRESSION LOADS, MISHANDLING, THERMAL DISTORTION

CRITICALITY 1/1 DURING INTACT ABQRT ONLY? MO

REQUNDANCY SCREEN A) FAIL
B) NA
€) PASS

PASSFAIL RATIONALE:

A) . :

FAILS SCAEEN "A' BECAUSE INDIVIDUAL TEST PORT PLUG SEAL HOT VERIFIABLE ON
VEHICLE DURING GROUND CHECKOUT. '

8)
N/A - AT LEAST TWC REMAINING PATHS ARE DETECTABLE IN FLIGHT,

=

METHOD OF FAULT DETECTION:
NONE FOR FAILURS OF BOTH LEAK TEST PORT PLUG SEALS. ADDITIONAL FAILURE OF

OUTER STRUCTUAAL O-RING SEAL ON AFFECTED ADARTER (FWD OR AFT) OR TUNNEL
ASSEMBLY CAN BE DETECTED THROUGH INSTRUMENTATION/PHYSICAL DESERVATION
. LOSS OF DR REDUCED PRESSURE IN MABITABLE VOLUMES.
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PAGE: 3
FAILURE MODES EFFESTS ANALYSIS (FMEA) ~ CIL FAILURE MCDE
HUMBER: MB-185-M015-0

EEMARKSRECOMMENDATIONS:
THREE SEAL FAILURES ARE AEQUIRED BEFORE THERE CAN BE A LEAK PATH TO THE
OUTSIDE.

- FAILURE EFFECTS -

{A) SUBSYSTEM: -
NO EFFECT FIRST AND SECOND FAILURE, TWO SUCCESSIVE PLUG C-RING FAILURES

. WILL CAUSE ONLY THE OS5 OF DUTER STRUCTURAL SEAL INTEGRRY. THE INNER
STRUCTURAL O-RING SEAL MUST ALSO FAIL TO CAUSE A LOSS OF ISOLATION _
BETWEEN ODS AND OUTSIDE ATMOSPHERE.

{B} INTERFACING SUBSYSTEM(S):
NG EFFECT UNTIL LOSS OF BOTH PLUG O-RING SEALS AND LOSS OF INNER
STRUCTURAL SEAL. THEN EXCESSIVE LOSS OF QDS PRESSURE TO THE DUTSIDE WILL

RESULT IN AN INCREABED USE OF OXYGEN/MNITRDGEN SUPPLY.

{C) MISSION: : .
ND EFFECT FIRST FAILURE. FAILURE OF REDUNDANT TEST PORT PLUG SEAL AND

OUTER STRUCTURAL SEAL ON AFFECTED ADAPTER (FWD OR AFT) OR TUNNEL ASSY
WOULD RESULT IN POSSIBLE MISSION TERMINATION DEPENDING DN MAGNITUDE OF
| EAK EXCESSIVE USE OF CONSUMABLES MAY LIMIT MISSION DURATION.

(0} CREW. YEHICLE, AND ELEMENT(S}):
O EFFECT FIAST FAILURE. FAILURE OF REDUNDANT TEST POHRT PLUG SEAL AND

OUTER STRUCTURAL SEAL ON AFFECTED ADAPTER (FWD DR AFT) DR TUNNEL ASSY
COULD CAUSE LDSS DF CREW AND VEHICLE.

(E} FUNCTIONAL CRITICALITY EFFECTS:
FIRST LEAK TEST PORT PLUG D-RING SEAL FAILURE - NO EFFECT, LOSS OF —-

REDUNDANCY ONLY.

SECOND LEAK TEST PORT PLUG O-RING SEAL FAILURE - LOSS OF DUTER STRUCTURAL
SEAL INTEGRITY ON AFFESTED ADAPTER (FWD OR AFT) OR TLNNEL ASEY.

THIRD FAILUAE (INNER STRUCTURAL O-RING SEAL ON-AEFECTED FWIVAFT ADAPTER

OR TUNNEL ASSY): IF FAILURE OCCURS:
(34) DURING DOCKED (VA ACTIVITIES EXCESSIVE LOSS OF CONSUMABLES CAN

JEOPARDIZE CREVY SAFETY. : : .
{38) DURING EVA, POSSIBLE LOSS OF EVA CREWMEMBERS IF ODS VOLUMES CANNOT

BE REPRESSURIZED FOR RETURN TO CREW CABIN, (EVA CREWMEMBERS MUST

AEMAIN 1N AIRLOCK UNTIL LANDING). - CRITICALITY 1R3 CONDITION.
(3C) DUAING NON-DOCKED OFERATIONS, [O5S OF PRESSURE WITHIN ODS. LOSS OF

SUBSEQUENT EVA CAPABILITIES iF ODS CANNOT BE REPRESSURIZED RESULTING IN
LOSS OF MISSION OBJECTIVES ASSOCIATED WITH PLANNED EVA'S. - CRITICALITY 2R3

CONDITION,
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILUAE MODE
HUMBER: M8-155-M015-01

IF THIRD FAILURE DCCLJHS WHEN ORBITER/SPACE STATION ARE DOCKED, POSSIBLE
LOSS OF PRESSURE IN SPACE STATION WHEN EXTERNAL AIRLOCK UFFER HATCH 1S

OFEN.

RESIGN CRITICALITY (PRICA TO DOWNGRADE, DESCRIBED [N (F)): 1R3

{F) RATIONALE FOR CRITICALITY DOWNGRADE:
{44} - FOURATH FAILURE (INABILITY TO CLOSE 576 BULKHEAD HATCH) - FAILURE TO

— ISOLATE LEAKAGE FROM CREW CABIN RESULTING IN POTENTIAL LOSS OF CREW AND

VEMICLE

- (45) - FOURTH FAILURE (FAILURE NECESSITATING AN EVA TO PREVENT A POTENTIAL

CATASTROPHIC SITUATION] « INABILITY TO PERFORM A CONTINGENCY EVA TO
CORRECT A CAIT 1 CONDITION COULE RESULT IN LG5S OF CREW AND VEHIGLE.

= TIME FRAME -

TIME FROM FAILURE TC CRITICAL EFFECT: DAYS
TIME FROM FAILURE OCCURRENCE TO DETECTION: MINUTES
TIME FROM DETECTION TO COMPLETED CORAECSTING ACTION: NA

!5 TIME REQUIRED TQ IMPLEMENT CORRECTING ACTION LESS THAN TIME TO EFFECT?
NO

HATIONALE FOR TIME TC CORRECTING ACTION VS TIME TO EFFECT:
THERE |5 NO CORRECTIVE ACTICON IF THIRD FAILURE OCCURS DURAING AM EVA AND
EXTeRNAL AIRLOCK CANNOT BE REPRESSURIZED FOR EVA CREW'S RETURN TQ CREW

CABIN,
HAZARD REPORT NUMBER{S): ORRI 511, ORBI 405, FF-09

 HAZARD{S) CESCRIPTION:
LOSS OF HABITABLE PRESSURE WHEN ORBITER AND SPACE STATION ARE NOT

DOCKED {(COREI 511). EVA CREW HAZARDS DUE TO 1SS OUS (ORBI 405). INABIUT‘{ TO
SAFELY PZRAFORM EVA (FF-08).

=DISPOSITION RATIONALE-

i

(A} DESIGN:
C-RING SEALS IN LEAK TEST PORT.COUPLING ARE ETHYLENE PROBYLENE. O-RING

SEAL AT COUPLING INTERFAGE FLANGE IS BUTYL RUBBER. FROTECTIVE PRESSURE
CAP SEAL IS REDUNDANT TO POPPET VALVE SEAL WHEN TEST PORT COUPLING IS

NOT IN USE. TEST POAT COUPLING SEAL LEAKAGE WILL NOT RESULT IN LEAKAGE OF
HABIT ABLE ATMOSPHERE OVERBOARD UNLESS AFT/FWD ADAPTER OR TUNNEL ASSY

INNER FERIRHERAL O-RING STRUCTURAL SEAL ALSD FAILS.
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FAILURE MODES EFFECTS AMALYS!S {FMEA) = CIL FAILURE MODE
HUMBER: M8-155-MO15-0

(B) TEST:
ACCEPTANCE TESTS OF LEAK TEST PORT COUPLING INCLUDE EXAMINATION OF
FRODUCT, PROOF PRESSURE TEST AND OFERATIONAL TEST. PROOF PRESSURE TEST
OF THE LEAK TEST PCORT (MALE HALF COUPLING) WITH PARESSURE CAP INSTALLED 1B
30 PSIG TWO TIMES FOR TWO MINUTES EACH. OFERATIQNAL TEST OF THE LEAK TEST
PORT WITH PRESSURE CAP INSTALLED AND POPPET HELD DIPEN IS 15 PSIG GN2 WITH
LEAKAGE NDT TO EXCEED ONE BUBBLE IN FIVE MINUTES. WITH PRESSURE CAP
REMOVED AND 15 PSIG APPLIED, LEAKARE IS NDT TO EXCEED DNE BUBBLE iN FIVE

MINUTES.
. QUALIFICATION TESTE: NO QUALIFICATION TESTS OF GOUPLING WERE PERFORMED.

IN-PROCESS AND ACCEPTANCE TESTS OF EXTERNAL AIRLOCK INCLUDES THREE
TESTS TG TEST THE INTESRITY OF AIRLOCK STRUSTURE THESE TESTS ARE
ADDRESSED AS FOLLOWS: (1) STRUCTURAL PROOF PRESSURE TEST PEAFORMED PER
PARA 4.01.01.01/4.01.01.02 OF MLD! 01-0104-001- WITH FWD/AFT ADAPTERS AND TUNNEL
ASSY INSTALLED, AIRLOCK 1S PRESSURLZIED TO 17.86 +0.1/+D PSIG AND HELD FOR A
MINIMUM OF 5 MINUTES: (2} HIGH PRESSURE LEAK TEST PERFORMED FPER PARA
£.01.01.02.01.02 OF MLO101.0104.001 - WITH PWD/AFT ADAFTERS AND TUNNEL ASSY
INSTALLED, AIRLOCK 1S PRESSURIZED TO 14.8 +0/-0.2 PSIS AND HELD FOR A MINIMUM
OF 4 HOURS. LEAK RATE 18 VERIFIED NOT TO EXCEED 4.096 SCIM; [3) LOW FRESSURE
LEAK TEST PERFORMED PER PARA 4.01.01.02.01.05 OF MLO101-0104-001 - FWD/AFT
ADAPTERS AND TUNNEL ASSY INSTALLED, AJRLDTK IS PRESSURIZED TO 3.2 «- 0.1 PSIG
AND HELD FOR A MINIMUM OF 5§ MINUTES. LEAK RATE IS VERIFIED NOT TO EXCEED 2.8

ECIM.

gmggg - TURNAROUND CHECKOUT TEETING 1S ACTOMPLISHED IN AGCORDANCE WITH
LY .

(C) INSPECTION:

RECEIVING INSPECTION
RAVW MATERIAL 15 VERIFIED BY INSPECTION TO ASSURE SPECIFIC SHUTTLE

REQUIREMENTS ARE SATISFED.

COMNTAMINATION CONTROL
CLEANLINEESS OF SIGNIFICANT INTERNAL AND EXTERNAL SURFACES TO LEVEL GG

(GENERALLY CLEAN) OF MAD1T10-301 IS VYERIFIED BY INSPECTION.

ASBEMBLYANSTALLATION :
OPERATIONS VERIFIED BY ASSEMBLY AND TEST OPERATIONS ON SHOP TRAVELER.

CHITICAL PROCESEES
CRITICAL PROCESSES SUCH AS WELDING, FLATING, HE.&T TREATING, PASEVATION

AND ANODIZING ARE VERIFIED BY INSPECTION,

NONDESTRUCTIVE EVALUATION
NGO NONDJESTRUCTIVE EVALUATION (WDE) 18 DONE/PERFORMED.

TESTING
ATR/OMRSD VERIFIED BY INSPECTION.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) = Cil FAILURE MODE
NUMBER; MB-155-M015-01

HANDOLING/PACKAGING
HANDLING AND PACKAGING IS VERIFIED BY INSPECTION F'EFI THE REQUIREMENTS OF

SRP=CIFIZATION MADT10-301.

(0} FAILURE HISTORY:
CURRENT DATA ON TEST FAILURES, FLIGHT FAILURES, UNEXPLAINED ANOMALIES, AND

OTHER FAILURES EXPERIENCED DURING GROLUND PADCESSING ACTIVITY CAN BE
FOUND IN PRACA DATA BASE.

(E) OPERATIONAL USE:
NOME FOR FAILURE OF BOTH LEAK TEST PORT PLUG SEALS. ADDITIONAL FA[L_UFIE o=

ASSOCIATED EXTEANAL AIRLOCK FWIHAFT ADAPTER OR TUINNEL ASSEMBLY INNER C-
RING STRUCTURAL SEAL - GIVEN SUFFICIENT TIME CAEW CCOULD CLOSE

APPROPAIATE HATCH(S) TO ISOLATE LEAKAGE,

- APPROYALS -
55 8 pat (M. W GUENTHER
S5 & PASZ MANAGER :C. A ALLISON
DESIGN ENGINEER ~T. S CO0K
MASA SSHA :
MASA BUSSYSTEM MANAG EH
JSC MOD :
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